Therapy based on androgenic deprivation is one of the standard treatments that many prostate cancer patients receive. Moreover, its use is increasing owing to a clear expansion of the indications for this therapy in patients with localized prostate cancer. Despite classically being considered to be well tolerated, androgenic deprivation has adverse effects. Of these, the loss of mineral bone mass is particularly notable and can lead to osteoporosis, as well as an increased risk of bone fracture. Some fractures, such as hip fractures, may have serious consequences. Useful procedures such as bone densitometry can aid in the diagnosis of these conditions. Once diagnosed, decreases in mineral bone mass can be managed by dietary recommendations, general changes in lifestyle or medication. We review the most important randomized controlled trials evaluating different drugs (bisphosphonates, denosumab and toremifene) in the prevention of bone loss and in the reduction in fracture risk in prostate cancer patients treated with androgen-deprivation therapy. Following the applicable recommendations, urologists must carefully monitor the bone health of prostate cancer patients subjected to androgenic deprivation to obtain an early diagnosis and apply the appropriate general and/or therapeutic measures if necessary.
INTRODUCTION
Prostate cancer is one of the most common malignancies with regards to incidence and prevalence. Epidemiological data in the United States estimate an incidence of 155 new cases per 100 000 inhabitants in 2010. 1 In Spain, we estimate that there were 25 000 new cases and 6000 deaths in 2008, representing an incidence of 57 new cases and 10 deaths per 100 000 inhabitants per year. It is likely that regional/ national differences in incidence are due to the use of different measures by the respective population registers or to different protocols for handling prostate-specific antigen screening. Nonetheless, these data clearly justify the claim that prostate cancer is a major public health problem.
Historically, bones have been a subject of much interest among urologists because malignant prostate cancer cells have a special bone trophism, explaining why bone tissue is the most common metastatic location for this type of tumour. This bone trophism results from anatomical factors, such as the Batson paravertebral plexus, which connects the prostate with the axial skeleton, as well as biological factors, such as parathyroid hormone-related protein and transforming growth factor-b. These factors establish a feedback loop between prostate cancer cells and the bone microenvironment that facilitates bone metastasis establishment and growth. 2 Once metastases have appeared, prostate cancer is considered incurable, and the treatment of choice at that time is androgen-deprivation therapy (ADT); chemotherapy is reserved for second-line treatment.
The favourable effect of ADT in patients with prostate cancer has been known for the past 50 years, and ADT is generally considered a well-tolerated treatment. However, ADT carries several side effects that can become troublesome for patients. Adverse effects attributable to androgen loss include sarcopenia or decreased lean body mass, obesity, anaemia, hair loss, erectile dysfunction and insulin resistance. Also, since estrogen in men is primarily derived from testosterone aromatisation, ADT results in low estrogen (greater than 70% decrease) and subsequent estrogen deficiency-related effects. These effects include gynaecomastia, hot flashes, mental and emotional symptoms, and unfavourable lipid profile changes. Studies also indicate an increased risk of incident diabetes and cardiovascular morbidity for short-term (6 months or less) and long-term ADT.
Sexual hormones play an important role in bone remodelling regulation. Regarding sexual hormones, estrogens have been much more investigated than androgens. We know that when estrogen levels are low or absent, an increase in the number of osteoclasts is observed, followed by an increase in osteoblasts, which lead to an increase in the bone remodelling process. It is not clear whether estrogens play its role directly (through estrogen receptors located at bone cells) or indirectly through different local factors like IL-1, tumour necrosis factor-a, IL-6 or prostaglandins.
3 Since estrogens have a central role in male bone resorption and formation, and the maintenance of bone mass, ADT may also result in adverse skeletal effects. Specifically ADT increases bone turnover and clinical fractures, and decreases bone mineral density (BMD).
The first study linking ADT with osteoporosis was published in 1997: Daniell 5 analysed the effect of orchiectomy in 235 patients with prostate cancer and showed that this procedure was associated with a subsequent increase in the risk of osteoporosis and osteoporotic fractures. Also in 1997, another study was published showing similar results in patients treated with luteinizing hormone-releasing hormone analogues. 6 In patients with non-metastatic prostate cancer, ADT has been shown to provide clinical benefits in terms of increased survival in two specific areas: when administered with radiotherapy to patients with high-risk localized prostate cancer, and when used as an adjuvant treatment with radical prostatectomy in patients with lymph node disease. Thus, the indications for using ADT have been expanded, and ADT is now used as a neoadjuvant or adjuvant therapy in some patients with non-metastatic tumours at diagnosis. This has resulted in a steady increase in the number of patients treated with ADT in the past few years, especially in patients who would have been previously treated exclusively with radiotherapy. 7 Many of these patients now have longer disease-free survival rates and even a chance of being cured. However, a population-based study showed that the widespread use of prostate-specific antigen screening in elderly patients resulted in an increase in ADT being prescribed 8 rather than a decrease, which was the initial hypothesis. As a result, today we are seeing the emergence of complications from long-term ADT that were previously unknown because they were found only in long-term survivors of metastatic prostate cancer. The loss of bone mineral mass is one of the most important complications related to ADT.
During adulthood, bone tissue is subjected to a continuous remodelling process based on coordinated bone formation and resorption, which are mediated by the actions of osteoblasts and osteoclasts, respectively. The function of osteoclasts is regulated by various factors, such as the ligand receptor activator of nuclear factor-kB (RANK) and osteoprotegerin. 9 The binding of RANK to its ligand (RANKL) leads to the activation of a signal transduction pathway that mediates the formation and survival of osteoclasts, stimulating their function. Conversely, the binding of osteoprotegerin to RANKL leads to the inhibition of bone resorption mediated by osteoclasts. Thus, BMD is the result of a complex series of balances at the cellular (osteoblast-osteoclast) and molecular (RANKL-osteoprotegerin) level.
The physiology of the bone remodelling process, mediated by multiple cytokines and hormones, explains why patients receiving ADT may have a decreased bone mineral mass. Oestrogens inhibit bone resorption, whereas androgens promote bone formation. Alteration of the balance between these mechanisms as a result of menopausal status, treatment with aromatase inhibitors in breast cancer patients or with ADT in prostate cancer patients leads to an increased risk of bone loss.
The main objective of the present review is to provide information about the importance of bone loss resulting from ADT, as well as its incidence, prevalence and known risk factors, and to review the scientific knowledge currently available. We also systematically review the state-of-the-art diagnostic and therapeutic manoeuvres (both pharmacological and non-pharmacological) available for handling this situation in prostate cancer patients receiving ADT.
CLINICAL IMPACT OF BONE MASS LOSS
A bone fracture in an oncology patient represents a stressful situation that can lead to pain, a need for surgery or radiation therapy, bed rest and a general clear and abrupt decline in quality of life. Not all fractures have the same impact, which depends on the fracture location. Although fractures of the distal skeleton have a small impact and a low risk of associated mortality, multiple vertebral fractures can lead to restrictive respiratory failure and severe kyphosis. Sometimes, the event can be catastrophic for the patient and his or her caregivers, such as with hip fracture, which is associated with a significant mortality risk in male patients over 60 years with or without prostate cancer, as reported in a study based on nearly 4000 patients. 10 This study 10 and another study showed that mortality rates because of hip fracture were significantly higher in men than in women. 10, 11 Moreover, the occurrence of a bone fracture at any site in patients with prostate cancer over the course of ADT is associated with a statistically significant decrease in overall survival. 12 Thus, prevention of bone fractures in these patients is important because it has an impact on overall survival.
The risk of new osteoporotic fractures during ADT increases with the duration of treatment. This phenomenon was highlighted by Daniell in his study published in 1997, which showed that the cumulative incidence of fracture reached almost 50% 9 years after an orchiectomy was performed. 5 Other clinical study 13 and three large population-based studies have more clearly confirmed the increased risk of osteoporotic fracture in patients during ADT [14] [15] [16] and its relation to the number of luteinizing hormone-releasing hormone analogue doses received during the first 12 months of treatment.
14,16
Bone mass loss and fracture risk quantification Osteoporosis is a bone metabolic disorder characterized by the loss of bone mass and micro-architectural deterioration of bone tissue. Dual energy X-ray absorptiometry (DXA) is the method of choice for quantifying bone loss. It was first recommended in 1994 by the Food and Drug Administration of the United States as the best method for this determination. Bone mass measurement provides two scores: the Tscore, which quantifies the loss of bone mass in terms of standard deviations in relation to the normal estimated mass for a young adult; and the Z-score, which compares the result with the estimated normal mass for a person of the same age, sex and race. The Z-score is used in clinical practice to quantify the relative risk of fracture. According to T-score results, the World Health Organization (WHO) 17 developed a qualitative classification system comprising four groups ( Table 1) .
It is important to note that in the case of patients with bone metastatic prostate cancer, the bone location where the DXA measurement is conducted must be free of metastatic involvement. The International Society for Clinical Densitometry recommends that bone mass measurements should be performed at the femoral neck and lumbar vertebrae and, only in selected cases, at the distal radius. However, the latter was found to be the most sensitive location for diagnosing osteoporosis in a recent study of prostate cancer patients by our group. 18 In this study, osteoporosis was diagnosed in 30% of patients when the bone mass measurement was performed at the distal radius, whereas in the same patients, measurements in lumbar vertebrae or the femoral neck diagnosed osteoporosis in 20% and 23% of the patients, respectively. In addition, patients with prostate cancer are generally of advanced age and may have vertebral osteophytosis, aortic calcifications or degenerative pelvic bone problems. For all these reasons, we recommend estimating BMD in prostate cancer patients at the distal radius in addition to the locations recommended by the WHO (lumbar spine and femoral neck). The WHO recently proposed a new instrument for the assessment of fracture risk. It is called FRAX, and it calculates the patient's osteoporotic fracture risk based on a series of clinical and epidemiological characteristics (age, sex, body mass index, smoking habit and others). FRAX was used in a cohort of 363 prostate cancer patients receiving ADT to estimate the risk of fracture. The results show that, without using DXA data, age is a crucial predictor that discriminates between patients with a high and low risk of fracture (with a cutoff at 70 years of age), and the incorporation of DXA adjusted the fracture risk estimation to a lower age. 19 Bone mass loss characteristics during ADT In men, age is associated with decreases in testosterone and oestradiol levels, resulting in an annual decrease in bone mass of approximately 1%. In our experience, 13 before starting ADT, about 15% and 30% of male patients had osteopaenia and osteoporosis, respectively. Another study 20 showed that the percentage of patients with osteoporosis before beginning ADT was 42%. Thus, a significant percentage of prostate cancer patients have a pre-existing low BMD before starting ADT. Once ADT has been initiated, the risk of hip fracture increases progressively from the first year, reaching a relative risk of 4% in those patients who have received ADT for more than 5 years. 13 The addition of bicalutamide to castration in order to achieve maximum androgen blockage does not alter the incidence of osteoporosis. 13 Over the course of ADT, the bone mass loss in patients with prostate cancer is higher than that observed in female breast cancer patients treated with aromatase inhibitors who are either in natural menopause or postmenopausal. 21 As previously mentioned, bone mass loss during ADT can begin in the first year. 22 Our group showed that bone loss is most pronounced during the first year of treatment but is subsequently maintained at a slower pace. 23 Beyond the second year, 24 we reported a progressive decrease in bone mass over the entire duration of treatment. We observed an osteoporosis rate of 80% after 10 years, and no patients had a BMD within the normal range (Figure 1 ).
PREVENTION AND TREATMENT OF BONE MASS LOSS
Given the evidence demonstrating a direct relationship between ADT and decreased BMD with an increased risk of osteoporotic fractures, it is imperative for clinicians to be aware of preventive measures, which are discussed below. For preventing a reduction in BMD, we should highlight a number of avoidable factors for patients treated with ADT. Patients should be advised to abstain from smoking and to maintain moderate alcohol consumption. Although the exact mechanism is not clearly understood, cigarette smoking is a risk factor for osteoporosis. 25 On the other hand, moderate alcohol intake is associated with lower risk of fracture. However, excessive alcohol consumption is associated with low BMD and increased fracture risk among men and women. 26 In addition, it is estimated that the optimal dietary calcium for middleaged men (,65 years) and women (premenopausal) is 1000 mg day 21 or, for older individuals, 1200-1500 mg day
21
. 27 Moreover, a study showed that 93% of prostate cancer patients treated with ADT had a daily calcium intake below 1000 mg, which is less than the level recommended by the WHO for the general population (1200 mg day 21 ), and that low daily calcium intake was an independent risk factor for osteoporosis development in these patients. 28 Calcium and vitamin D intake do not have independent preventive effects on the onset of osteoporosis, but their deficit is a major risk factor for this disorder. Finally, we recommend weight-bearing exercise (one of the most important bone-forming stimuli) for patients treated with ADT. Specifically vigorous weight-bearing exercise, such as running and weight training, have been shown actually to increase BMD, whereas less vigorous weight-bearing exercise, such as walking or low-impact aerobics, only protects against further bone loss. 29 Several studies have evaluated different ADT administration strategies for improving bone mass preservation; among these strategies, delaying the start of hormone therapy was studied. This strategy does not change the survival of metastatic patients if ADT is initiated at the time of symptom onset, nor does it decrease survival in a selected group of patients with biochemical recurrence after radical prostatectomy. Intermittent ADT is another hormonal treatment strategy designed to reduce the adverse effects of hormone therapy. A small study involving 19 patients with metastatic prostate cancer showed that an off-treatment period followed by subsequent ADT reintroduction when prostatespecific antigen levels reached a predetermined threshold had a favourable effect on bone mass compared with the results obtained in patients on continuous ADT. 30 In a small randomized study, bicalutamide monotherapy at a dose of 150 mg day 21 resulted in patients experiencing a small increase in BMD, 31 and it could therefore be considered an option for management of these patients. However, the efficacy and safety of both strategies (intermittent ADT and bicalutamide monotherapy) should be confirmed in future studies with larger sample sizes. Thus, continuous ADT remains the current standard hormonal treatment for prostate cancer, with the possibility of altering the treatment initiation time in selected patients.
In randomized placebo-controlled trials, bisphosphonates (alendronate and zoledronic acid) and the anti-RANKL antibody denosumab have shown beneficial effects in preserving bone mass in patients undergoing ADT ( Table 2) . Bisphosphonates and denosumab (a completely human monoclonal antibody that specifically binds to RANKL, a mediator of osteoclast activity) suppress osteoclast activity by inhibiting the development, survival and activation of osteoclasts.
Another drug, Toremifene (a selective estrogen receptor modulator) also proved, in a double-blind placebo-controlled phase III study, its capacity to improve BMD as well as to decrease the incidence of new vertebral fractures in men receiving ADT for prostate cancer. 32 
Studies evaluating bisphosphonates
Bisphosphonates have shown some activity for the preservation of BMD during ADT. Indeed, the earliest bisphosphonate used in clinical practice, etidronate, was tested in this setting and reduced but did not completely prevent bone loss in men who developed hypogonadism. 33 A Japanese study reported by Izumi et al. 34 showed that risedronate recovers bone loss in prostate cancer patients treated with ADT. This was a prospective observational study in which 60 patients with prostate cancer receiving ADT were enrolled. The autors analysed 29 and 27 patients in the risedronate and control groups, respectively. The lumbar spine BMD was determined by DXA. Taking into account that the initial mean BMD was significantly lower in the risedronate group, the study showed that the mean percentages of changes in the BMD/young adult mean ratio of the risedronate group and control group were 12.6%64.5% and 22.8%62.6% after 1 year, respectively (P50.0001), so oral administration of risedronate is effective for the recovery of ADT-induced bone loss in patients with prostate cancer.
Moreover, Smith et al. 35 reported the results of a randomized controlled study to prevent osteoporosis during ADT for prostate cancer. Forty-seven men with locally advanced or recurrent prostate cancer and no bone metastases were randomly assigned to receive leuprolide alone or leuprolide and pamidronate 60 mg intravenously every 12 weeks. BMDs of the posteroanterior lumbar spine and proximal femur were measured by DXA. In men treated with leuprolide alone, BMD decreased by 3.3%60.7% in the posteroanterior lumbar spine and by 1.8%60.4% in total hip, while mean BMD did not change significantly at any skeletal site in men treated with both leuprolide and pamidronate. The authors concluded that pamidronate prevents bone loss in the hip and lumbar spine during ADT.
Among the studies on bisphosphonates, we would like to highlight three randomized placebo-controlled clinical trials: two with zoledronic acid 36, 37 and one with alendronate. 38 The primary endpoint of these studies was to evaluate BMD variation after 1 year of ADT.
In 2003, Smith et al. 36 randomized 106 patients with stage M0 (no distant metastases) prostate cancer who were beginning initial ADT, to receive either 4 mg zoledronic acid or placebo every 3 months for 1 year. After randomisation, 55 subjects received zoledronic acid while 51 subjects received placebo. Study drug was administered in a double-blind fashion. All subjects were instructed to take a calcium supplement (500 mg) and multivitamin containing vitamin D (400 IU) daily. The primary efficacy variable was the percent change from baseline to the end of the study in BMD of lumbar vertebrae L2-L4 as mesured by DXA. BMD of other skeletal locations was also measured. Lumbar spine BMD increased 5.6% from baseline to 1 year in the zoledronic acid group (P,0.001) and decreased 2.2% in the placebo group. The difference of 7.8% (95% confidence interval (CI): 5.6%-10.0%) in mean percent change at 1 year between the two groups was statistically significant (P,0.001). In the zoledronic acid group, BMD also increased significantly from baseline in the femoral neck, trochanter and total hip. The mean difference in percent change from baseline differed significantly between zoledronic acid and placebo in the femoral neck, trochanter and total hip (P,0.001) but not in the non-dominant forearm. No significant differences regarding adverse events were reported.
Four years later, Michaelson et al. 37 evaluated the efficacy of annual zoledronic acid in men receiving ADT for prostate cancer. All participants had non-metastatic and non-progressive prostate cancer treated with a GnRH agonist at study entry. Forty-four eligible patients were randomly assigned to receive zoledronic acid 4 mg (n522) or placebo (n522) intravenously on day one only. All patients received calcium carbonate (500 mg daily) and a daily multivitamin containing vitamin D (400 IU). The pimary study endpoint was the percent change in the BMD of the posteroanterior lumbar spine from baseline to month 12. Mean percent changes in BMD of the posteroanterior lumbar spine differed significantly between groups. Mean (6s.e.) BMD of the posteroanterior lumbar spine decreased by 3.1%61.0% in the placebo group from baseline to 12 months. In contrast, BMD increased by 4.0%61.0% in the zoledronic acid group (P,0.001). The between-group difference in percent change from baseline to 12 months was 7.1% (95% CI: 4.2%-10.0%). Mean percent changes in BMD of the total hip and trochanter also differed significantly between groups. The between-group differences in percent change from baseline to 12 months were 2.6% (95% CI: 0.8%-4.2%) for the total hip, 3.1% (95% CI: 0.9%-5.3%) for the trochanter and 4.4% (95% CI: 20.1%-4.4%) for the femoral neck. No serious adverse events related to treatment in either group were reported.
In 2007, Greenspan et al. 38 sought to determine whether once-weekly alendronate would improve bone mass and reduce bone turnover in men with non-metastatic prostate cancer receiving ADT. Patients recruited had just initiated ADT (within the previous 6 months) or were receiving long-term ADT. One hundred and twelve patients were randomly assigned to receive alendronate (n556), 70 mg once weekly, or matching placebo (n556). Calcium and vitamin D supplements (500 mg of calcium and 200 IU of vitamin D per tablet) were provided to ensure that patients' calcium intake was greater than 1000 mg day 21 . The primary outcome was the percentage change in posterior-anterior spine BMD at 12 months. Secondary outcomes included percentage changes at the total hip and femoral neck at 12 months. The estimated BMD change for men in the placebo group after 1 year was 21.4% (95% CI: 22.7% to 20.03%; P50.045) at the postero-anterior spine. By comparison, the estimated BMD change after 1 year in men who received alendronate treatment increased by 3.7% (95% CI: 2.8%-4.6%; P,0.001). The estimated changes in BMD were significantly different between groups. In percentage points, these changes were 5.1% (95% CI: 3.5%-6.7%; P,0.001) at the spine, 1.4% (95% CI: 0.5%-2.4%; P50.002) at the total hip and 2.3% (95% CI: 1.0%-3.7%; P,0.001) at the femoral neck. The two groups did not statistically differ in adverse events.
As we can see, the three trials showed an increase in BMD in the active treatment group, whereas a decrease in BMD was reported in the placebo Abbreviations: BMD, bone mineral density; iv, intravenous; sc, subcutaneous.
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group. However, none of these studies showed any change in osteoporotic fracture risk. Moreover, the choice of drug, route of administration (oral or intravenous) and optimal treatment duration are still unresolved issues of bisphosphonate therapy in patients treated with ADT.
Denosumab
In 2009, the results of a randomized double-blind study comparing denosumab with placebo in patients with metastatic prostate cancer were published. 39 This study randomly assigned 1468 patients to subcutaneously receive the placebo or denosumab at a dose of 60 mg per 6 months. The primary endpoint of this study was the percent change in BMD at the lumbar spine after 24 months, but in contrast to the bisphosphonate studies, this study included the incidence of new vertebral fractures as a key secondary endpoint. The results of this study showed that compared with placebo, denosumab therapy was associated with significant increases in BMD. Significant differences between the two groups were seen as early as 1 month. Moreover, patients treated with denosumab had a significantly lower rate of new vertebral fractures at 12, 24 and 36 months. At 36 months, the incidence of new vertebral fractures was 1.5% in patients treated with denosumab and 3.9% in patients treated with the placebo, with a 62% relative reduction in vertebral risk fracture (P,0.006). The rates of adverse events were similar between the two groups. It is noteworthy that no cases of osteonecrosis of the jaw or delayed healing of fractures were reported.
Toremifene
As we mentioned before, the intended therapeutic effect of ADT is to reduce testosterone to castrate levels. Because estradiol is derived from the peripheral conversion of testosterone by aromatase, ADT also markedly decreases serum estradiol levels, which may result in unintended estrogen deficiency side effects. Estradiol is critical to bone formation and bone resorption in men. 40 Toremifene is a second-generation selective estrogen receptor modulator. Smith et al. 32 conducted a large randomized placebocontrolled trial evaluating whether toremifene could decrease the incidence of new vertebral fractures in men on ADT. Secondary efficacy endpoints included incidence of fragility fractures; BMD at the spine, hip and femoral neck; as well as changes in bone turnover markers and changes in serum lipids. The study included 1284 subjects who were receiving ADT for histologically documented prostate cancer and who were at increased risk for fracture based on age 70 years or older, or osteopaenia at the femoral neck or L1-L4 lumbar spine. Six hundred and forty-six subjects were assigned to toremifene 80 mg by mouth daily and 638 to placebo. Compared with placebo, BMD increased significantly at the lumbar spine (2.3%, 95% CI: 1.6-3.1), total hip (1.9%, 95% CI: 1.3-2.4) and femoral neck (1.9%, 95% CI: 1.2-2.7) in the toremifene group (P,0.0001 for each comparison). Moreover, the 2-year incidence of new vertebral fractures was 4.9% (23 patients) with placebo vs. 2.5% (11 patients) with toremifene, a significant relative risk reduction of 50% (95% CI: 21.5% to 275.0%; P,0.05). The incidence of all fractures was 10.1% (47 patients) with placebo and 6.3% with toremifene (28 patients), a significant relative risk reduction of 38% (95% CI: 2.2%-60.2%; P50.036). Although toremifene was well tolerated overall, an increased rate of venous thromboembolic events (VTEs) was observed, primarily in men with known risk factors, including age 80 years or greater. VTEs were reported in 17 subjects (2.6%) in the toremifene group and seven (1.1%) in the placebo group.
Because of these results, Smith et al. 4 performed a post hoc analysis of the phase III study to assess the efficacy and safety of toremifene 80 mg in men younger than 80 years. This post hoc analysis included 847 men younger than 80 years, of whom 430 received toremifene 80 mg by mouth daily and 417 received placebo. Baseline characteristics were similar between the treatment groups. The percent increase in BMD from baseline to month 24 was significantly greater for toremifene than for placebo at all measured sites in subjects younger than 80 years. As in the previous study, the 2-year incidence of new vertebral fractures was 1% in the toremifene group vs. 4.8% in the placebo group (P,0.005), corresponding to a 79.5% relative risk reduction (95% CI: 29.8%-94.0%). Compared with placebo, toremifene significantly decreased the incidence of non-traumatic fractures or greater than 7% bone loss by month 24. This was a 56.2% relative risk reduction (95% CI: 34.4%-70.8%). In men younger than 80 years, toremifene was associated with a slight, nonsignificant increase in the VTE rate compared with placebo (2.1% vs. 1.0%; P50.26). Specifically nine of 430 men in the toremifene group had a VTE vs. four of 417 in the placebo group.
DIAGNOSTIC AND PREVENTIVE RECOMMENDATIONS
The National Osteoporosis Foundation (NOF) 41 recently published a list of recommendations for osteoporotic patients ( Table 3) . In summary, the NOF recommends the testing of BMD for all patients who have any of the risk factors. It is remarkable that all men aged 70 years or older are included in this group. Regarding treatment, the NOF recommends calcium (1200 mg or more daily) and vitamin D (800-1000 IU daily) for all adults, and it recommends treatment consideration for patients aged 50 years or older with a history of hip or vertebral fracture, osteoporosis at the femoral neck or spine, as well as osteopaenia at the femoral neck or spine with a high probability of future fracture as determined by the FRAX algorithm. Similarly, the latest guidelines of the European Association of Urology, published in 2010, also recommend evaluating BMD by DXA in patients receiving ADT. 42 
TREATMENT RECOMMENDATIONS
The very high rate of bone loss and the high incidence of fractures indicate that patients at risk of cancer treatment-induced bone loss need to be carefully monitored and stratified for fracture risk.
Although there is a strong evidence of efficacy in prevention of bone loss and reduction in fracture risk for many drugs approved for male osteoporosis and postmenopausal osteoporosis, for cancer treatmentinduced bone loss, there were actually no drugs approved for this indication. This situation changed on 16 September 2011 when the Food and Drug Administration granted approval for Denosumab (Prolia, made by Amgen, Inc., Thousand Oaks, CA, USA) as a treatment to increase bone mass in patients who are at high risk of fracture from receiving ADT for non-metastatic prostate cancer.
CONCLUSIONS
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